Lightning,thunderstorm, lightning detection network, spatial-temporal distribution, lightning density.
In many countries, including Kazakhstan, main source of lightning information is still visual and aural observations provided by meteorological stations and temporal instrumental observations (e.g. at the airports). Nowadays, there are 328 meteorological stations in Kazakhstan. Visual and aural method of lightning activity detection allows to determine lightning in ~15 km radius. Thus, observations at one station allow to cover ~707 km 2 area and 328 stations can provide information about lightning activity for ~232000 km 2 (8,5% of the country area). The majority of stations are placed in inhabited regions of the country, however spatial-temporal distribution of lightning is important not only for safety, but for science. For instance, there is hypothesis that irregularity of lightning distribution might be caused by different conductivity of various rocks lithotypes (Sokolov, S., 2008; Nelson, H.R., 2013; Sibert J., 2013)and it's possible to use lightning data for natural resources locating (Sibert J., 2013) . Moreover, detailed maps of spatial-temporal distribution of lightning discharges is necessary for assessment of lightning protection actions for power industry objects. Lightning discharge signatures are necessary for calculations of inductive voltage on power transmission lines, devices of grounding, relay repeaters. Large area of Kazakhstan is not covered by lightning observations stations; it is necessary to develop methods of lightning harmfulness estimation not only at the qualitative level. The purpose of the this research is to provide spatial-temporal distribution of lightning discharges for Kazakhstan based on data from global scientific network of the electromagnetic sensors for lightning discharges disturbances in the low-frequency range detection. The results are based on lightning events data collection, processing and visualization during the lightning period -from March to October, 2016.
Data and Methods
The basic data for this study is a number of lightning discharges received by ground lightning location system WWLLN (Worldwide Lightning Location Network). Method of positioning of lightning is based on distance determination to lightning discharge using a difference in time of signal arrival to remote antennas (the TOGA method -time of group arrival) ( Figure 1 .
It can be seen, that most of lightning discharges was in summer months-from May to August with a maximum in July. Nearly 93% of all events in this considered period. Some winter strokes were observed, but the number of such events are not high comparatively to summer events and in this study are not considered. and 15 000 in July. In March, April and October lightning activity had generally incidental character. 2 days in May (30 and 31) and several days in July (6 and 7, 25 and 26) were the strongest storm days throughout the whole year. There were more than 24 000 lightning discharges per each day.
Daily lightning Activity
It is known that lightning activity during the day is nonuniform, therefore the number of strokes distribution depending on time is of interest. Kazakhstan has 2 time zones +6 UTC (Center and East of the country) and +5 UTC (West of the Republic). In order to assess a common tendency we neglected this difference. In Figure 3 , plots of daily thunderstorm activity for two cases with most strokes are shown. In Figure 3a the number of strokes depending on time of day (local time) from May 30 to June 1, and in the Figure 3b -from July 6 to July 8 are presented. Notice, that in both cases low lightning activity was during 8-9 AM and at midnight. High lightning activity with a maximum at 1-3 PM was observed afternoon. are on mainly territory of Kazakhstan. Here, annual lightning activity had about 95 000 strokes a year on whole longitude. As for longitudinal distribution, here we see a minimum on 64 o E. This is because of the droughty and desert regions here. Furthermore, there is a stable increase of the lightning activity with longitude and local maximum on the 72 o E. It is connected with the fact, that in the south of the country are mountainous areas and Kazakh Upland in the central part of the country on this longitude.
Quantity of hours with Lightning in 2016
Estimation of quantity of hours with lightning for Kazakhstan in 2016 was done. The mapping of the results is presented on Figure 5 . The area of space of the sphere S bounded in meridians 1 ϕ and 2 ϕ and latitudes 1 θ and 2 θ (given in degrees) is calculated by equation (1): ... (1) where, r -Earth's radius. Map of density of lightning discharges based on data from WWLLN network for year 2016 is presented on Figure 7 . Here, density is number of the lightning discharges detected by network per area unit. Estimates were provided also for bins 
Conclusions
The study of spatial-temporal distribution of lightning activity for 2016 for the Kazakhstan territory based on data of WWLLN network is done. The most of lightning discharges in 2016 was in summer months -from May to August with a maximum in July. Daily lightning have a low activity at 8-9 AM and at midnight and high activity at 1-3 PM. Spatial distribution analysis show, that minimum of lightning activity is within 43-45 o N latitude, and for longitudinal distribution with a minimum on 64 o E. Maps of the quantity of hours with lightning and strokes density for Kazakhstan are obtained. Calculation of strokes per square kilometer and lightning duration in hours was done. Obtained results and data from old map of average lightning duration in hours was compared. Now, WWLLN network is the only available source of lightning discharges data for the whole area of Kazakhstan. The first results showed that even with declared 30% average effectiveness of registration of lightning discharges in WWLLN, results of thunderstorm duration in hours are strongly underestimated in comparison with results based on data received from visual and aural observations and from local automatic detection systems. Thus, it is possible to make a conclusion that actual average efficiency of the detection of lightning discharges in WWLLN network for the Kazakhstan area is maybe 5-10%. But, it's hard to estimate, because of different efficiency for different areas. Firstly, it can be seen from fact that stations of WWLLN are non-equally spaced. However, further studies for more time should be done to confirm these claims. To sum up, the development of automatic network for lightning detection is of the need in Kazakhstan. Due to close stations positions of our network we will obtain more detailed lightning data. Such network is already created and in 2017 it will be put in commission.
